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MASS  SPECTRAL  INVESTIGATIONS  ON  TOXINS  , 

II.  SIMULTANEOUS  DETECTION  AND  QUANTIFICATION  OF 
ULTRA-TRACE  LEVELS  OF  SIMPLE  TRICHOTHECENES  IN  ENVIRONMENT' AL 
’  AND  FERMENTATION  SAMPLES  BY  GAS  CHROMATOGRAPHIC /NEGATIVE 
ION  CHEMICAL  IONIZATION-MASS  SPECTROMETRIC  TECHNIQUES 


1.  INTRODUCTION 


Tr ichothecene  mycotoxins,  products  of  several  genera 
of  imperfect  fungi,  are  toxic,  chemically  stable  compounds  with 
a  characteristic  tetracyclic  1 2, 1 3-tr ichothec-9-ene  ring  struc¬ 
ture.  1-8  Numerous  tr ichothecenes  have  been  isolated  and  well 
characterized.  Based  on  their  structural  features,  mycotoxins 
have  been  divided  into  two  major  groups.  ‘The  two  groups,  depen¬ 
ding  upon  their  structures,1  are  designated  as  simple  or  macro- 
cyclic  tr ichothecenes.  The  simple  trichothecenes  possess  hydroxyl, 
acetyl,  and/or  other  ester  groups.  A  keto  group  will  be  present 
at  position  8  in  some  compounds  (Table  1).  The  molecules  of  the 
other  type  are  di-,  or  triesters  of  fusarium  trichothecenes.  These 
molecules  are  characterized  by  large  ester  bridges  and  called 
macrocyclic  tr ichothecenes. 2 


The  health  hazards  associated  with  these  fungal  metab¬ 
olites  pose  serious  problems  for  animals  and  humans  throughout 
the  world.2”14  Agricultural  scientists  have  reported  crop  losses 
due  to  the  damage  arisinq  from  molds  and  animal  losses  due  to 
farm  animals  consuming  infested  feed  materials. 1 5-1 8  Monitorinc 
farm  and  dairy  products  to  detect  these  toxins  and  prevent 
economic  losses  has  become  very  essential  and  routine  in  agricul¬ 
tural  industries.17-20  Intense  research  on  the  chemistry,  chemical 
reactions,  analysis,  and  toxicity  of  these  compounds  has  resulted 
in  several  review  articles  and  books  beina  published. 5r 1 3, 21-26 


Recently,  the  alleged  threat  to  humans  in  various  parts 
of  the  world  by  induced  trichothecenes  (yellow  rain)  has  been 
brought  to  the  general  public’s  attention.27'28  Articles  pub¬ 
lished  in  technical  journals  confirm  the  presence  of  some  fusarium 
trichothecenes  in  yellow  rain  samples  and  samples  of  blood  from 

attack  victims. 29' 3° 


Thus,  the  threat  to  humans  ;and  animals  due  to  these 
toxins,  whether  from  natural  or  induced  sources,  has  been  clearly 
documented  and  demonstrated.  Hence,  to  detect  the  trichothecenes 
and  prevent  natural  and/or  induced  catas trophies ,  fast,  specific, 
sensitive,  accurate,  and  reliable  methods  for  detecting  and 
quantifying  these  toxins  in  various  sample  matrices  need  to  be 
developed . 


After  careful  review  and  evaluation  of  the  available 
aas  chromatographic/mass  spectrometr ic  (GC/MS)  analytical  method¬ 
ologies,  we  pursued  a  different  aoproach  and  developed  a  simple, 
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reproducible,  and  sensitive  method.  This  method  uses  high  resolu¬ 
tion  gas  chromatographic/negative  ion  chemical  ionization-mass 
spectrometric  (HRGC/NICI-MS)  techniques  for  simultaneously  detecting, 
confirming,  and  quantifying  these  fusarium  trichothecenes  and 
related  molecules.  The  method  converts  samples  containing  mixtures 
of  polar,  simple  trichothecenes  and  related  compounds  into  their 
volatile  heptaf luorobutyryl  (HFB)  esters  and  analyzes  them  by  the 
GC/NICI-MS  techniques.  The  observed  trichothecenes  would  be 
quantified  using  molecules  structurally  similar  to  naturally 
occurring  compounds  as  internal  standards.  Ultra-trace  levels 
[0. 2-5.0  picogram  (pg)J  of  simple  trichothecenes  were  detected, 
confirmed,  and  quantified  using  this  procedure. 

Y/e  investigated  two  semi  synthetic  trichothecenes 
[ deoxyverrucarol  (DOVE)  and  16-hydroxyver rucarol  (HOVER)]  and 
found  them  adequate  for  use  as  internal  standards  for  detecting 
and  quantifying  simple  trichothecenes  in  real-world  samples.  The 
developed  procedures  have  been  used  successfully  for  the  accurate, 
quantitative  analyses  of  several  matrix  spiked  (blind)  samples 
and  some  environmental  ones.  In  this  report,  we  describe  a  simple, 
fast,  reliable  GC/NICI-MS  procedure  for  routinely  analyzing  samples 
in  a  mass  spectrometric  (MS)  laboratory  with  limited  available 
instrumentation. 

2.  EXPERIMENTAL 

All  the  GC/MS  measurements  were  made  using  a  Hewlett- 
Packard  (HP)  5985-B  MS.  Fused  silica  capillary  columns  from  J&W 
Associates  (Ventura,  CA)  were  used  throughout  the  investigations. 
Ultra-pure  solvents  (Burdick  &  Jackson,  Muskegon,  Ml),  derivatizing 
agents  (Regis  Chemical  Company,  Chicago,  IL) ,  -micro  glassware 
(Supelco,  Incorporated,  Supelco  Park,  PA),  and  SEP-PAK  cartridges 
(Waters  Associates,  Incorporated,  Milford,  MA)  were  used.-  Several 
of  the  fusarium  tr i chothecene  standards  including  DOVE  and  HOVER 
were  generously  provided  by  Professor  Bruce  Jarvis  (University  of 
Maryland,  College  Park,  MD) .  Scirpentriol  and  fusarinon-X  were 
obtained  from  Professor  Chester  Mirocha  (University  of  Minnesota, 

Mi nneapol i s  ,  MN)  . 

The  trichothecene  standard  stock  solutions  were  made 
at  2  °C  in  methanol  in  reacti-vials  (Supelco,  Incorporated)  fitted 
with  mininert  valves.  Diluted  standard  solutions  were  prepared 
using  microsyringes.  Standard  solutions  containing  all  tricho¬ 
thecenes  in  concentrations  of  1  ng/yl  and  10  ng/gl  were  frequently 
made  and  used  immediately.  Internal  standards  (10  ng/yl)  (DOVE 
and  HOVER)  were  also  made  frequently,  and  the  same  solutions  were 
used  for  each  series  of  experiments.  Under  appropriate  conditions, 
a  solvent  wash  or  air  column  technique  was  followed  to  accurately 
transfer  standards  by  microsyringes. 

2 . 1  Deri vati zation  Procedure  . 

Solutions  [1-1000  nanogram  (ng)j  of  standard  mixture  and 
internal  standards  (100  ng)  were  transferred  into  a  1,5-ml  vial  with 
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a  Teflon-lined  screw  cap.  The  solvent  evaporated  under  nitrogen, 
and  the  residue  was  treated  with  0.5  ml  of  10%  acetonitrile/toluene 
and  HFB  imidazole  ( HFBI ,  0.25-0.5  yl) .  The  reaction  mixture 
was  shaken  well  once  and  kept  in  a  heating  block  at  110  °C  for 
15  min.  After  cooling,  the  mixture  was  washed  twice  with  0.4  ml 
of  5%  NaHC03  solution  and  0.5  ml  of  distilled  water.  After  each 
washing,  the  aqueous  layer  was  removed  using  a  disposable  pipette. 
The  organic  layer  containing  the  HFB  esters  was  kept  in  the 
freezer  at  -4  °C  until  used.  Samples  were  also  derivatized  under 
the  same  conditions  using  a  slight  excess  of  HFBI  for  an  assured 
total  der ivatization. 


2 . 2  Extraction  and  Cleanup  of  Spiked  or  Real  Samples. 


Samples  were  extracted  with  methanol  (3  x  20  ml) ,  and 
combined  extracts  were  evaporated  under  nitrogen  at  50  °C.  The 
residue  was  dissolved  using  a  minimum  amount  of  5%  methanol/methylene 
chloride.  The  SEP-PAK  cartridge  was  washed  once  with  the  same 
solvent,  and  the  washings  were  discarded.  The  sample  solution 
was  passed  through  the  cartridge,  and  the  eluant  was  collected. 

The  cartridge  was  washed  twice  more  with  10  ml  of  the  solvent. 

The  combined  eluants  were  evaporated  in  a  3.5-ml  vial  under 
nitrogen  at  50  °C,  and  the  residue  was  derivatized  and  stored  as 
mentioned  earlier  in  this  report. 
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column  with  the  same  dimensions  as  those  for  the-DB-5  capillary 
was  also  adequate  when  it  was  similarly  used.  The  GC  column 
heating  was  programmed  from  150  °C  (held  for  1  min)  to  300  °C 
(held  for  10  min) .  The  resolved  esters  were  introduced  into  the 
source  and  subjected  to  chemical  ionization  (Cl)  at  100  °C  using 
methane  (0. 5-1.0  torr)  as  the  Cl  reagent  gas.  The  MS  was  controlled 
and  operated  by  the  data  system  during  monitoring  of  either  total  or 
selected  ions.  The  ion  currents  or  the  area  of  the  peaks  due  to 
specific  ions  were  measured  and  used. 


3.  RESULTS  AND  DISCUSSION 

Some  of  the  tr ichothecenes  listed  in  Table  1  are 
products  of  the  cultures  of  fusarium  fungi.  The  others  are 
either  hydrolytic  products  of  macrocyclic  tr ichothecenes  or 
seinisynthetic  compounds.  Scirpentriol  (3a-HOVER)  ,  deoxyn ivalenol 
(DON),  fusarinon-X  (FUSX),  monoacetoxysc i rpenol  (MAS)  and 
diacetoxyscirpenol  (DAS),  HT-2,  and  T-2  are  naturally  occurring 
toxins. *  Verrucarol  and  the  substituted  verrucarols  are  the 
hydrolytic  products  of  the  corresponding  macrocyclic  trichothe- 
cenes.2  DOVE  is  a  semisynthetic  product  derived  from  either 
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verrucarol  or  DAS.31  HOVER  is  one  of  the  hydrolytic  products  of 
1 6-hydroxyverrucar in  A,  which,  in  turn,  is  obtained  by  the  allylic 
oxidation  of  naturally  occurring  verrucarin  A  using  selenium 
dioxide3^  or  microbial  transformation  of  verrucarin  A.33  We 
investigated  these  two  synthetically  obtained,  simple  tricho- 
thecenes  for  use  as  potential  internal  standards  for  identifying 
and  quantifying  simple  trichothecenes  and  related  molecules. 

Optimum  conditions  for  converting  fusarium  trichothe¬ 
cenes  into  their  corresponding  HFB  esters  were  determined  by 
varying  the  reaction  temperature  and  time,  the  concentration  of 
acetonitrile,  and  the  quantity  of  the  derivatizing  agent  ( HFBI ) . 

The  number  of  derivatives  formed  was  determined  by  the  negative 
ion  chemical  ionization  (NICI)  mode  during  the  GC/MS  analysis 
which  monitored  single  characteristic  ions  for  each  molecule.  The 
relative  intensities  of  these  ions  with  respect  to  m/z  426  (DOVE) 
were  used  as  the  criteria  to  determine  the  extent  of  the  derivati- 
zation.  The  HFB  esters  were  effectively  formed  by  heating  the 
trichothecenes  with  HFBI  in  10%  acetonitrile/toluene  at  100  ®C  for 
15  min.  The  clear  solution  containing  the  derivatives,  obtained 
after  repeatedly  washing  the  reaction  mixture  with  5%  aqueous 
NaHC03  solutions  and  distilled  water,  was  adequate  for  the  GC/MS 
analysis.  The  mixture  containinq  the  HFB  esters  was  injected  into 
the  gas  chromatograph,  and  the  chromatographically  separated 
derivatives  were  analyzed  by  mass  spectrometry.  Along  with  the 
chromatographic  conditions,  the  reconstructed  total  ion  chromato¬ 
grams  are  indicated  in  Figures  1  and  2.  The  electron  impacts  of  the 
chromatograms  [(El)  200  *C],  positive  ion  chemical,  ionization  (PICI), 
and  NICI  (methane)  (100  °C ,  0. 5-1.0  torr)  spectra  were  recorded  and 
characterized.  To  monitor  the  higher  mass  ions  with  increased 
sensitivity,  only  the  mass  spectra  of  the  esters  in  the  mass 
range  of  m/z  200-950  were  recorded.  Sixteen  of  the  ions  with 
higher  relative  abundances  were  selected  for  tabulating..  In  this 
selection,  preference  was  given  to  higher  mass  -ions  whenever  the 
number  of  higher  intensity  ions  exceeded  16.  These  partial  mass 
spectra  are  indicated  in  Tables  2-4. 


As  expected,  the  partial  El  spectra  provide  only  limited 
structural  information  on  the  HFB  derivatives.  The  verrucarols 
seem  to  form  ions  bv  removing  one  or  more  heptaf luorobutyr ic  acid 
(HFBH)  molecules  and  other  neutral  molecules  such  as  CH2*C=0. 
Similar  fragmentations  were  also  noted  in  T-2  and  HT-2  toxins. 


In  the  PICI  spectra  of  FUSX  and  DON,  the  most  abundant 
ion  seemed  to  come  from  the  protonated  HFBH  ions  formed  by  hydrogen 
rearrangement  in  the  protonated  molecules.  This  observation  agrees 
with  the  one  Munson  and  Field34  made  of  esters.  In  verrucarol  and 
DOVE,  the  most  abundant  ions  were  formed  by  the  removal  of  the  HF 
molecule;  in  MAS  and  DAS,  by  the  removal  of  CH3COOH;  and  in  T-2 
and  HT-2,  by  the  removal  of  isovaleric  acid  and  CH3COOH.  In  all 
cases,  the  (M+C^H^)4,  and  (M+C^Hc)4  adducts  were  noted  alona  with 
ions  formed  by  the  removal  of  HFBH(s),  CO,  CH2CH2,  CH3COOH,  and 
isovaleric  acid  from  the  quasimolecular  ions. 
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Figure  1.  RIC  of  HFB  Derivatives  of  Simple  Tr ichothecenes . 

[DB-5  Fused  Silica  Capillary  Column  (0.25  mm  x 
30  m,  0.25V).  Splitless  injection;  column 
temperature  -  held  at  150  *C  for  1  min,  heated 
at  10  degrees/min  for  10  min,  heated  to  300  *C  at 
25  degrees/min,  held  fpc  10  min] 
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Figure  2.  RIC  of  HFB  Esters  of  Fusarium  Trichothecenes. 

[SE-54  Fused  Silica  Capillary  Column  (30  m  x 
0.25  mm  i.d.,  0 . 2 5 u ) .  Splitless  injection; 
column  temperature  -  held  at  150  °C  for  2  min, 
heated  at  10  degrees/min  for  10  min,  heated  to 
300  8C  at  25  degrees/min,  held  for  10  min] 
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Table  2.  Electron  Impact  Hass  Spectra 
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309(10.1),  292(13.3) ,  281(5.2),  267(2.6),  229(8.7). 
215(11.4),  201(11.8) 
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Monacetoxysci rpenol  (HF8)2  716  656  673(3.1),  657(26.4),  641(13.7),  628(15.3), 

443(34.3),  429(43.9),  415(37.0),  396(14.7), 
385(17.0),  368(19.8),  304(33.5),  291(11.3), 
267(14.5),  239(10.0),  229(42.8),  201(51.2) 
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16 


17 


243(7.0),  233(12.1),  229(19.6),  207(3.0) 


▼"W  'Mi  *T" 
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685(2.8),  568(26.9),  639(10.3),  619(2.6), 
563(1.7),  535(2.5),  503(15.5),  485(2.8), 
465(2.4),  443(8.2),  425(4.3),  289(8.2) 


Table  4.  Negative  Ion  Chemical  Ionization  Mass  Spectra 
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463(2.4),  442(13.1 
213(97.1) 
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244(1.3),  233(1.6),  216(25.7),  204(2.2) 


Table  4.  Negative  Ion  Chemical  Ionization  Hass  Spectra  (Continued) 


*  k  p-jp» ?  *r  ■  r 
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484(1.7),  483(5.1),  482(5.6).  481(23.1 
436(3.5),  364(1.0),  237(7.5),  213(6.4) 
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The  NICI  spectra  of  these  molecules  indicate  that 
in  most  instances,  the  most  abundant  ions  were  either  M"  or 
(M-HF)“  ions  with  the  exception  of  DAS  and  T-2  when  (M-CH-jCOOH) 
ions  were  the  most  predominant.  The  other  commonly  observed  ions 
were  formed  by  the  removal  of  HF(s),  HFBH(s),  and  H2O.  As  expected, 
there  are  fewer  ions,  and  the  higher  mass  ions  are  predominant 
in  NICI  spectra  of  all  the  derivatives.  Hence,  we  pursued 
our  investigation  and  developed  a  method  for  simultaneously  ana¬ 
lyzing  and  quantifying  several  ultra-trace  levels  of  tr ichothecenes 
by  NICI. 


A  mixture  containing  100  ng  of  the  tr ichothecenes  and 
100  ng  of  the  internal  standards  was  derivatized  and  analyzed 
periodically  over  18  days  to  determine  the  stability  of  the  deriva¬ 
tives  under  the  planned  experimental  conditions.  The  derivatives 
were  analyzed  by  the  selected  ion  monitoring  (SIM)  mode,  monitor¬ 
ing  a  single  ion  for  each  molecule.  The  MS  was  tuned  specifically 
to  enhance  the  higher  mass  ions.  No  other  distinct  quality 
control  steps  were  taken  during  the  tuning.  The  instrumental 
operational  conditions  adapted  during  the  analysis  are  listed  in 
Table  5.  The  classification  of  groups  was  based  on  the  elution 
times  of  the  molecules  and  the  intensities  of  their  corresponding 
ions.  More  time  was  given  to  monitor  less  intense  ions.  The 
derivatives  were  stored  in  the  freezer  (-4  °C)  at  all  times 
except  during  analysis.  The  1-ul  solution  containing  the 
HFB  esters  of  analytes  and  internal  standards  was  analyzed  by  the 
SIM  mode  at  least  four  consecutive  times,  and  the  intensities  of 
all  the  ions  were  measured.  The  average  of  the  relative  intensi¬ 
ties  of  the  individual  ions  with  respect  to  DOVE  (m/z  426)  and 
HOVER  (m/z  870)  were  calculated,  and  these  values  are  shown  in 
Table  6.  Under  the  chromatographic  conditions  used  for  this 
investigation,  the  adsorption  of  the  derivatives  on  the  DB--5 
fused  silica  capillary  GC  column  was  nil.  A  similar  phenomenon 
was  also  noted  while  using  SE-54  fused  s ilica- capillary  columns. 
Hence,  the  difference  between  the  observed  relative  intensities 
of  the  first  and  second  measurements  was  negligible  while  using 
either  column. 

Despite  the  changes  in  relative  intensities  due  to 
variances  in  their  stabilities  over  a  period  of  time,  the  measured 
relative  intensities  of  various  HFB  esters  and  the  observed  stan¬ 
dard  deviations  in  the  measurements  indicate  that  these  values 
could  be  obtained  with  excellent  precision.  The  stabilities  of 
the  derivatives  with  the  exception  of  scirpentriol  are  comparable 
with  those  of  the  DOVE (HFB)  over  4  days.  This  internal  standard 
seems  adequate  over  18  days  for  all  tr ichothecenes  except  3a-HOVER, 
8B-Hydroxyver rucarol ,  and  FUSX.  The  relative  intensities  of  these 
tr ichothecenes  with  respect  to  HOVER (HFB) 3  could  also  be  measured 
with  good  accuracy  within  48  hr.  Beyond  this  period,  the  intro¬ 
duced  error  in  these  measurements  is  at  least  15%  or  more  for 
3  a-HOVER ,  8  0-HOVER ,  DON,  FUSX,  and  DAS.  The  variation  in 
these  values  seemed  to  be  higher  when  HOVER ( HFB )  was  used  as  the 
internal  standard.  At  this  point,  it  is  not  clear  whether  the 
variation  is  due  to  the  instability  of  the  derivatives  or  to  the 
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Table  5.  Instrumental  Conditions  for  Screening  the 
Simple  Trichothecenes 


Group 

Start  Time 
(min) 

Run  Time 
(min) 

Compounds 

Monitored 

Mass  (Dwell  Time) 
m/2  (msec) 

1 

7.0 

1.6 

Dove 

462.2  (  50) 

Scirpentriol 

870.3  (  50) 

88-HOVER 

870.3  (  50) 

DON 

884.3  (  50) 

2 

8.6 

2.2 

Verrucarol 

638.3  (  50) 

8a-H0VER 

870.3  (  50) 

HOVER 

870.3  (  50) 

FUSX 

.  942 ,:3  '(  50) 

3 

10.8 

0.7 

DAS 

480.2  (150) 

4 

11.5 

1.3 

HT-2 

816.3  (150) 

5 

12.8 

1.0 

T-2 

580.2  (150) 

2  4 


Table  6.  Stability  Data  of  HFB  Esters  of  Trichothecenes 
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Table  6.  Stability  Data  of  HFB  Esters  of  Trichothecenes  (Continued) 
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adsorption  of  the  HOVER.  For  an  extended  period,  DOVE (HFB) 
proved  to  be  a  better  internal  standard  over  H0VER(HFB)3.  Readers 
should  note  that  both  internal  standards  seem  adequate  for  all 
molecules  studied  for  at  least  48  hr  after  the  der ivat ization . 

Thus,  DOVE  and  HOVER  {the  two  semisynthetic,  structurally  similar 
molecules  with  different  polarities)  could  be  used  as  internal 
standards  for  analyzing  simple  tr ichothecenes  with  varied  polari¬ 
ties.  In  both  cases,  despite  the  error  due  to  the  uncontrolled 
MS  tuning  conditions,  the  relative  intensities  of  most  molecules 
over  2  weeks  were  measured  with  errors  not  exceeding  50%.  This 
measurement  is  more  than  adequate  for  measurements  of  analytes 
present  in  low  nanogram  quantities.  All  the  above  results  are 
clearly  indicated  in  Table  6. 

After  establishing  the  optimum  conditions  for  the  syn¬ 
thesis,  stability,  and  analysis  of  these  derivatives,  we  conducted 
experiments  to  establish  the  minimum  detectable  and  confirmable 
limits  for  each  analyte.  One  characteristic  ion  for  each  deriva¬ 
tive  was  monitored  under  the  conditions  listed  in  Table  5  for 
routinely  monitoring  samples  to  detect  tr ichothecene  presence. 
However,  six  specific  ions  were  monitored  for  each  compound  to 
confirm  tr ichothecene  presence.  During  these  SIM  measurements, 
less  intense  ions  were  monitored  with  more  dwell  time  to  enhance 
their  sensitivity.  Along  with  their  detectable  and  confirmable 
limits,  the  specific  ions  and  their  dwell  times  used  to  confirm 
tr ichothecene  presence  are  listed  in  Table  7. 

The  following  experiments  were  conducted  to  establish 
the  concentration  range  in  which  the  intensities  of  the  observed 
ion  currents  vary  linearly  with  the  amount  of  the  analytes. 

Varied  amounts  of  tr ichothecene  mixtures  (2.5-250  ng)  along  with 
DOVE  (50  ng)  and  HOVER  (50  ng)  were  converted  into  their  HFB 
esters.  The  resulting  derivative  mixtures  contained  5-500.  pg/yl 
of  the  tr ichothecene  esters  and  100  pg/ul  of  the  internal 
standards.  A  1-vl  aliquot  of  the  products  was-analyzed  imme¬ 
diately  by  GC/NICI-MS  under  the  conditions  specified  in  Table  5» 

The  ion  currents  of  all  the  ions  in  various  mixtures  were  measured. 
The  ions'  relative  intensities  with  respect  to  both  internal 
standards  were  calculated,  and  plotted  versus  the  ions'  relative 
amounts.  The  constants  obtained  from  the  linear  regression 
analysis  of  the  data  are  shown  in  Table  8.  In  all  instances, 
linearity  existed  between  the  relative  intensities  of  the  ions 
formed  and  the  relative  amounts  of  the^  esters  analyzed.  When  the 
amount  of  analyte  analyzed  exceeded  tfie“500-pg  level,  especially 
for  DON,  VER,  and  HT-2,  the  relative  intensities  of  the  ions 
detected  did  not  follow  the  linear  relationships  with  their 
relative  amounts.  When  the  values  for  5-10  pg  of  concentration 
were  removed  from  the  linear  regression  analysis,  better  values 
for  correlation  coefficients  and  intercepts  were  obtained.  Thus, 
the  linear  concentration  range  for  all  these  derivatives  has  been 
established  as  20-500  pg ,  and  both  internal  standards  seem  to  be 
adequate  for  the  quantification.  In  addition,  standard  cali¬ 
bration  curves  were  obtained  with  100-500  pg/ul  of  DOVE  and 
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Table  7.  Minimum  Detectable  and  Confirmable  Limits  for  the  HFB  Esters 


2? 


FUSX(HFB)3  943.3(50),  942.3(50),  922.3(150),  902.3(150) 


Minimum  Detectable  and  Confirmable  Limits  for  the  HFB  Esters  (Continued) 
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Table  8.  Linear  Regression  Analysis  Data  of  the  Derivatives 


100-250  pg/yl  of  HOVER.  Varying  the  amount  of  internal  standards 
had  no  adverse  effect  in  the  observed  linearity.  Most  of  the 
following  investigations  were  conducted  with  internal  standards 
concentrations  of  100  pg/yl  to  minimize  consumption  of  the 
standard  materials. 

The  response  factors  of  all  these  derivatives  were  cal¬ 
culated  with  respect  to  DOVE (HFB)  and  HOVER (HFB) 3 ;  the  values  are 
listed  in  Table  8.  Each  reported  response  factor  value  resulted 
from  35  to  40  measurements  of  10  solutions  of  different  concen¬ 
trations.  The  consistency  in  the  response  factor  values  measured 
and  the  precision  of  the  measurements  indicated  by  the  low  standard 
deviation  values  clearly  establish  the  adequacy  of  the  chosen 
internal  standards  and  the  stability  of  the  synthesized  derivatives. 

Prior  to  developing  the  extraction  and  cleanup  procedures 
for  these  fusarium  tr ichothecenes ,  their  stability  after  prolonged 
exposure  to  ambient  conditions  was  checked.  Solutions  containing 
25-100  ng  of  mixtures  of  tr ichothecene  standards  were  exposed  at 
room  temperature  in  different  250-ml  Erlenmeyer  flasks  for  7  days. 
The  flasks  were  rinsed  with  hot  methanol  (3  x  10  ml),  and  the  com¬ 
bined  washings  were  transferred  step-wise  into  a  2.5-ml  vial  and 
evaporated  under  nitrogen  at  50  °C.  The  residues  were  treated 
with  internal  standards,  derivatized,  and  analyzed.  The  amounts 
of  individual  tr ichothecenes  were  calculated  by  extrapolating 
their  observed  relative  intensities  into  their  corresponding  cali¬ 
bration  curves.  The  average  of  the  six  different  observed  recovery 
percentages  for  an  individual  tr ichothecene  in  a  non-matrix  situa¬ 
tion  are  listed  in  Table  9.  The  recoveries,  except  for  VER  and 
MAS  and  the  high  standard  deviations  for  DON  and  FUSX,  were  rea¬ 
sonably  good. 

Six  residues  containing  the  same  amounts  indicated  in 
the  previous  experiments  were  dissolved  in  5%  methanoi/methylene 
chloride  (10-20  ml)  and  passed  through  a  silica-gel  SEP-PAK  car¬ 
tridge  previously  washed  with  the  same  solvent.  The  cartridge 
was  washed  again  with  the  solvent  (2  x  10  ml) ,  and  the  combined 
washings  were  evaporated  in  a  2.5-ml  vial.  The  residues  with 
the  internal  standards  were  derivatized  and  analyzed,  and  the 
recovery  percentages  of  individual  compounds  after  the  extrac¬ 
tion  and  cleanup  procedures  were  calculated  as  usual.  The  average 
values  of  measured  efficiencies  were  consistent  and  are  listed  in 
Table  9.  The  same  amounts  of  tr ichothecknes  were  exposed  at  room 
temperature  for  7  days  as  before,  extracted,  cleaned  up,  and 
analyzed,  and  the  recovery  percentages  are  also  listed  in  Table  9. 
These  values  seem  to  be  lower  than  the  recovery  percentages  of  the 
unexposed  samples.  The  loss  of  analyte  due  to  adsorption  during 
exposure,  extraction,  and  cleanup  processes  is  probably  responsible 
for  these  low  values.  However,  both  values  for  each  molecule  were 
consistent,  and  with  a  correction  factor,  they  could  be  easily 
analyzed  with  reasonable  accuracy  in  real-world  samples. 
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Several  spike  (blank)  experiments  were  conducted  after 
establishing  the  optimum  conditions  for  the  extraction  and  cleanup 
of  the  tr ichothecenes  and  synthesis  and  analysis  of  their  HFB 
esters . 

Twelve  commercial  pollen  samples,  which  were  free  from 
tr ichothecenes ,  were  weighed  (0.25  +  0.01  gm)  in  20-ml  vials.  The 
samples  were  then  spiked  with  10,  20,  40,  60,  80,  or  100  ng  of 
standards  in  duplicate,  left  exposed  at  room  temperature  for  24  hr, 
and  then  extracted  with  warm  methanol  (3  x  10  ml) .  The  combined 
extracts  were  evaporated  and  cleaned  up  using  silica-gel  SEP-PAK 
cartridges.  The  residues  were  treated  with  internal  standards, 
derivatized,  and  analyzed.  A  blank  experiment  was  conducted 
along  with  the  one  with  spiked  samples.  The  results  from  the 
blank  experiment  confirmed  that  the  commercial  bee  pollen  was 
free  from  tr ichothecenes .  The  average  recovery  percentage  of 
each  tr ichothecene  with  respect  to  each  internal  standard  was 
calculated  from  the  results  obtained  with  the  12  samples  and  is 
listed  in  Table  10.  When  HOVER  was  used  as  the  internal  standard, 
the  values  were  much  higher.  The  presence  of  der ivatizable 
impurities  in  the  pollen  extract,  despite  cleanup,  is  probably 
responsible  for  reducing  the  efficiency  in  forming  HOVER (HFB) . 

In  this  case,  DOVE  was  the  better  standard.  However,  a  rigorous 
cleanup  procedure  is  required  for  nor*  accurate  values  when  HOVER 
is  used  as  the  standard.  The  extraordinarily  high  values  (over 
200%  in  most  instances)  for  T-2  in  spiked  bee  pollen  samples  were 
due  to  interferences  in  the  pollen.  However,  the  identity  of  the 
interferents  is  presently  unknown. 

A  dried  papaya  leaf  was  treated  with  10  ml  of  warm  methanol, 
kept  immersed  overnight,  and  decanted.  A  50-pl  aliquot  was 
cleaned  up,  derivatized,  analyzed,  and  found  to  be  free  of  fusarium 
tr ichothecenes .  Six  different  50-ul  aliquots  of  the  extract 
were  spiked  with  10-100  ng  of  tr ichothecenes ,  cleaned  up,  and 
analyzed.  These  results  are  indicated  in  Table~lG.  All  the  tri- 
chotnecenes,  except  DON,  were  recovered.  Since  the  recoveries 
were  consistent,  with  an  introduced  correction  factor,  the  values 
could  be  applied  for  true  samples.  Both  internal  standards  were 
considered  adequate. 

Similar  experiments  with  spiked  (blind)  bee  excrements 
were  also  conducted.  The  recovery  percentages  were  calculated 
using  the  calibration  data  obtained  from  known  spiked  bee  excre¬ 
ment  samples.  The  measured  recovery  valrres  of  analytes  in  the 
blind  samples  were  measured  with  at  le^st  50%  error  and  are 
probably  due  to  insufficient  cleanup  of  the  samples. 

Known  amounts  of  DON,  DAS,  and  T-2  were  spiked  on  a 
blank  (tr ichothecene-f ree)  papaya  leaf  and  left  exposed  in  a 
bottle  for  1  year.  At  the  end  of  the  year,  the  leaf  was  extracted 
with  methanol.  A  50-ul  aliquot  was  cleaned  up,  derivatized, 
and  analyzed.  The  same  amount  was  also  derivatized  and  analyzed 
without  cleanup.  The  results  from  the  experiment  are  indicated 
in  Table  11.  Since  the  spiking  was  done  elsewhere  and  the  exact 
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amount  of  spiking  was  unknown,  the  only  helpful  information 
obtained  from  this  experiment  was  that  even  after  a  prolonged 
exposure  period,  trichothecenes  could  be  recovered  from  samples 
and  identified  using  developed  analytical  procedures. 

Several  blind  samples  were  received.*  Some  of  them  were 
hydrolysates  of  the  samples,  expected  to  contain  macrocyclic  tri¬ 
chothecenes,  and  the  others  were  fusarium  fermentation  products. 

A  few  representative  examples  are  shown  in  Table  12.  The  samples 
were  cleaned  up  over  silica  gel  cartridges.  The  eluants  were 
evaporated  and  the  residues  were  dissolved  in  1  ml  of  methanol.  A 
1  to  2-vl  aliquot  of  each  of  the  samples  was  evaporated  and  treated 
with  100  ng  of  DOVE,  derivatized  as  usual,  and  analyzed.  The 
quantification  values  of  the  analytes  corroborated  the  other 
results*  obtained  by  either  isolating  the  compounds  from  larger 
amounts  of  samples  or  by  measuring  the  toxicity  of  the  samples.* 

The  chromatograms  of  the  sample  labeled  AHIVP93  are 
indicated  in  Figure  3.  The  relative  retention  times  (DOVE) 
of  the  identified  compounds  in  the  sample  agreed  with  those  of 
the  standards.  Cultures  of  fusarium  fungi  (Bristol  Laboratories, 
Strain  37410-90)  grown  on  bee  pollen*  (Figure  4)  contained  T-2 
and  HT-2  toxins.  Their  presence  was  confirmed  by  recording  their 
N1CI  (scan  range,  m/z  200-960)  mass  spectra  (Figures  5  and  6). 

Another  fermentation  product*  also  contained  low  amounts  of  T-2 
and  HT-2  toxins.  Quantification  was  not  made  for  this  sample 
since  it  was  not  requested.*  A  confirmation  run  as  shown  in 
Table  7  was  made,  and  the  presence  of  T-2  was  established  un¬ 
equivocally  (Figure  7).  However,  the  presence  of  HT-2  could  not 
confirmed  by  observing  at  least  five  characteristic  ions  (Figure  8). 
Hence,  it  was  concluded  that  the  presence  of  HT-2  toxin  in  this 
sample  is  suspected  but  not  confirmed. 

4.  CONCLUSIONS 

The  experiments  indicate  that  several  naturally  oc curing 
trichothecenes  and  related  compounds  could  be  detected  simultaneously 
and  analyzed  by  the  GC/NICI-MS  method  with  excellent  sensitivity 
and  precision.  Femtogram  quantities  of  fusarium  mycotoxins  could 
be  detected  by  the  SIM  mode.  Low  quantities  (1-5  pg)  of  these 
analytes  were  sufficient  to  definitively  identify  and  confirm 
tr i chothecene  presence  by  this  process. >  The  investigated  internal 
standards  (DOVE  and  HOVER)  were  adequate  for  detecting  and  quantify¬ 
ing  the  toxins,  even  in  low  picogram  quantities.  Over  a  range  of  6 
orders  of  magnitude,  the  relative  intensities  of  these  trichothecenes 
varied  linearly  with  their  intensities’  relative  amounts  with  respect 
to  the  internal  standard.  The  silica-gel  SEP-PAK  cleanup  procedure 
used  seemed  adequate  in  certain  cases.  With  added  cleanup  steps 
specific  for  various  matrices,  this  method  could  become  highly 


•Personal  communication  with  B.  Jarvis  of  the  University  of 
Maryland  (College  Park,  MD),  1983. 
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Table  12.  Sample  Analysis 
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Figure  3.  RIC  of  Fermentation  Product  AHIVP93  •  ( HFB) 
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Figure  4.  Screening  of  Bee  Pollen  Fermentation  Product 
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Figure  6.  Confirmation  of  HT-2  in  Bee  Pollen 
Fermentation  Product  by  TIM 
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beneficial  for  routinely  analyzing  real-world  samples.  The. 
unknown  samples  are  screened  by  SIH  to  detect  14  different  simple 
trichothecenes  simultaneously.  When  the  analytes  present  are 
insufficient  for  confirmation  by  TIM,  their  presences  are  confirmed 
by  the  SIM  mode,  detecting  at  least  five  specific  ions  for  each 
molecule.  When  combined  with  a  cleanup  procedure,  this  NICI 
method  is  a  powerful  tool  for  unambiguously  identifying  simple 
trichothecene  mycotoxins  and  accurately  quantifying  real  samples. 
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